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Meningio-angiomatosis is a rare malformation of the central nervous ~y s t e m .~ It usually occurs in the cerebral cortex and is characterized by a benign, focal proliferation of blood vessels and meningothelial cells in both the brain parenchyma and leptomeninges. Over 20 cases of human meningio-angiomatosis have been reported.2 Meningio-angiomatosis has been associated with neurofibromato~is~ and with neurofibrillary tangles2 A condition resembling meningioangiomatosis has been described in an adult male dog. 5 The comparative histopathologic and immunohistochemical features of meningio-angiomatosis in a young man and a prepubertal dog are reported.
A 41/2-month-old, crossbred, female German Shepherd Dog was presented to the Angel1 Memorial Animal Hospital (Boston, MA) with a history of ataxia and circling to the right that began at 14 weeks of age. The dog's condition had w o w ened 5 to 6 days preceding admission. The dog had been immunized against canine distemper virus at 5, 9, and 13 weeks of age. At examination, there was moderate ataxia and a tendency to lean and stumble to the right. A 10-20" right head tilt and left rotatory nystagmus was also noted. There was mild tetraparesis, which was more pronounced on the right side. A tentative diagnosis of encephalitis was made prior to obtaining the results of cerebrospinal fluid analysis. The dog was euthanatized at the request of the owner. Gross, postmortem abnormalities were limited to the brainstem; a white, firm, 0.4 cm thick plaque extended from the left rostra1 cerebellar peduncle to the pons. The pressure, protein content, and cytology of the cerebrospinal fluid sample collected ante mortem were within normal ranges.
A 21-year-old man suffered multiple, severe, internal injuries in a car accident and died immediately afterwards. At autopsy, a complete traumatic rupture of the thoracic aorta was found to be the cause of death. The brain had a focal, thin-layered subarachnoid hemorrhage over the right parietal lobe and a firm, yellowish, circumscribed nodular lesion, approximately 1 cm in diameter, on the posterior right temporal lobe. No other significant lesions were found.
Brain specimens were fixed in 10% neutral buffered formalin. Samples were taken from several levels of the brains and from the lesions; they were then embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin, periodic acid-Schiff, Masson's trichrome, Manuels's reticulin, Mayer's mucicarmine, and Perl's iron stains. Immunohistochemistry was performed as previously de~cribed,~ with minor changes. Briefly, the avidin-biotin complex method was applied to deparaffinized sections using mouse monoclonal anti-AE1-AE3 cytokeratin, 1 : 1,600 dilution, and rabbit polyclonal anti-vimentin, 1 : 100 (Boeringer-Mannheim, Indianapolis, IN); rabbit polyclonal anti-glial fibrillary acidic protein, 1 : 1,000 dilution; rabbit polyclonal anti-Factor VIIIrelated antigen, 1 : 200; and rabbit polyclonal anti-S-100 protein, 1 : 620 dilution (Dako Laboratories, Santa Barbara, CA). The secondary antibody was either biotinylated mouse or rabbit IgG, and the detection system was VectastainB Elite ABC kit (Vector Laboratories, Burlingame, CA).
Histologically, the leptomeningeal plaque in the dog consisted of a benign proliferation of spindle-shaped cells arranged in whorls that were centered around numerous small blood vessels (Fig. 1 ). Proliferating meningothelial cells infiltrated the brain along perforating blood vessels and formed prominent perivascular cuffs around parenchymal blood vessels ( Figs. 2, 3) . Dense gliosis, foci of mild rarefaction in the neuropil, scattered Rosenthal fibers, and mild vacuolation of white matter were also present. Meningothelial cells, especially those adjacent to blood vessels, stained positively for vimentin ( Fig. 4) . The cerebrocortical nodule in the young man extended from the leptomeninges to the underlying cerebral cortex and white matter and consisted of an increased number of small vessels with prominent endothelial cells ( Fig. 5) . Meningothelial cells and a few fibroblast-like elements were present around blood vessels. Astrocyte proliferation and numerous Rosenthal fibers were present within and around the lesion. The overlying leptomeninges were moderately thickened. By immunohistochemistry, most intralesional meningothelial cells stained positively for vimen- tin (Fig. 6 ) and S-100. In both cases, many reactive astrocytes stained positively for glial fibrillary acidic protein, S-100, vimentin, and cytokeratin, and the proliferating endothelium stained positively for Factor VIII and vimentin. Extensive fibrosis, leptomeningeal calcification, or neurofibrillary tangles were not present in either case.
These findings demonstrate the morphologic and immunohistochemical similarities of meningio-angiomatosis in one dog and one man. In both cases there was a focal proliferation of blood vessels and meningothelial cells involving the brain parenchyma and overlying leptomeninges. Since neurological signs are often dependent on the location of the mass and its related secondary effects, it is not surprising that in the dog the predominant neural deficit was of vestibular origin. Unfortunately, since the owner elected euthanasia, a complete neurological evaluation was not possible. Retrospectively, though, the presenting signs and the fact that they were lateral to the right side suggested a left caudal fossa lesion.
The terminology for describing vascular proliferation, meningothelial cell proliferation, or both, have been used in the medical literature with different connotations. In a strict sense, the term "rneningiomatosis" means the occurrence of multiple meningiomas, but it is sometimes used to describe a focally extensive to diffuse leptomeningeal thickening with- out involvement of the brain parenchyma. Cerebral angiomatosis refers to a circumscribed overgrowth of blood vessels in the brain parenchyma with or without concomitant proliferation of meningothelial cells, but without leptomeningeal involvement. Meningio-angiomatosis, on the other hand, has two components, vascular and meningothelial, in both leptomeninges and brain parenchyma.2 A previous report5 of meningio-angiomatosis in a dog describes a leptomeningeal plaque that covered most of the dorsolateral surface of the left cerebral hemisphere. The plaque consisted of extensive fibrosis, numerous, thick-walled blood vessels, and hemosiderin-laden macrophages. Vascular or meningothelial cell proliferation in the brain parenchyma was not reported, but the authors believed that it represented a "congenital vascular malformation with fibrosis which is analogous to meningio-angiomatosis of man."5 Alternative interpretations for this lesion could be meningiomatosis, or a leptomeningeal vascular malformation with progressive occlusion of blood vessels, hemorrhage and fibrosis, or a variant of meningioangiomatosis.
The mechanism of formation of meningio-angiomatosis is unknown. A malformative vascular process with concomitant meningothelial cell proliferation is generally favored over neoplasia or hamartoma.2 In our experience, positive staining of reactive and neoplastic astrocytes for vimentin (a mesenchymal marker), cytokeratin (an epithelial marker), and S-100 occurs commonly in neoplasia or inflammation of the central nervous system in the dog and in human beings. A positive reaction with cytokeratin and vimentin antibodies has also been reported in human neoplastic and reactive astrocytes. I The preferred treatment for cortical meningioangiomatosis is surgical resection, and, at least in human beings, it appears to be curative.2
